Summary Understanding the molecular biology of Mycobacterium tuberculosis has become the focus of recent studies in infectious diseases. Here, we describe a spectrophotometric method for quantitative analysis of promoters in mycobacteria. The assay is a modification of the xyl E reporter assay, which uses an inexpensive substrate, catechol. The distinguishing feature of this protocol is that cells are grown by patching on agar plates, and directly used in the assays. The absorption measurements of the cell suspension at 375 nm in the presence and absence of the substrate are used for obtaining xyl E activity and for normalization of the assay values respectively. These features make the assay system directly amenable for high throughput analyses.^2001 Harcourt Publishers Ltd
Mycobacterium tuberculosis infects about one third of the world population, and tuberculosis remains the most frequent cause of death due to a single infectious disease. 1 In spite of these alarming statistics, our understanding of the biology of the organism is in its infancy. Study of the regulation of gene expression and promoters constitutes an important aspect in molecular biology. Simple and reliable assay systems are crucial tools for rapid advances in this 9eld. Several reporters such as CAT, lac Z, xyl E, GFP and luciferase have been employed for promoter analyses in mycobacteria.
The spectrophotometric method using xyl E as a reporter is a simple, rapid, inexpensive and non-radioactive procedure. The xylE gene codes for an enzyme catechol 2,3-dioxygenase (CDO), which oxidizes catechol to a yellow colored product, 2-hydroxy muconic semialdehyde with a max of 375 nm. CDO assays have been used for screening promoters wherein the intensity of the yellow color of the colonies after spraying the plates with catechol is used as an index. 2 The protocol followed so far for assessing promoter strengths includes growing of liquid cultures, sonicating the samples to obtain a crude extract, estimating the protein concentration, and using equal amounts of total protein for assays. 2, 3 However, the results we obtained for the quantitative measurement of promoter strength using such a protocol were inconsistent. A probable explanation for this could be the atmospheric oxidation of the iron at the active center of CDO, leading to its inactivation. 4 Hence, we decided to perform quantitative assays with whole cells. This was facilitated by the fact that catechol, the substrate for the assays, is permeable through the mycobacterial cell wall. The simplicity and rapidity of the method holds great potential in using it for high throughput screenings.
Assays were performed with M. smegmatis, which has been established as a reliable surrogate system for the analysis of M. tuberculosis genes. 5 The 100 bp promoter of the M. tuberculosis initiator tRNA gene 6 was PCR ampli9ed under error-prone conditions 7 and cloned upstream of the xyl E cassette between the EcoRI and BamHI sites of the pTKmx vector 2 in E. coli TG1. Mutants were identi9ed by DNA sequencing. 8 Randomly picked mutants were then electroporated into M. smegmatis mc 2 155, 5 and selected on LB-agar plates, supplemented with kanamycin (50 g/ml) and Tween-80 (0.2%). Transformants were patched on LB agar medium containing Tween-80 and kanamycin, and allowed to grow for 60}72 h at 373C until a lawn-like growth appeared. From the original patch, inoculum was taken for further two patches. Thus, in all there were three patches for each sample. Cells were scraped off the plates, suspended in 500 l sodium phosphate buffer (50 mM, pH 7.4) and vortexed for 1 min to obtain a homogenous cell suspension. Thorough vortexing is a crucial step in this assay as it prevents clumping, which is typical of mycobacterial cells. Aliquots from this cell suspension were used for CDO assays as well as for cell density measurements. Catechol 2,3-dioxygenase assays were performed as described 3 except that in place of the crude protein extract, 40 l of cell suspension were used. Tubes were shifted to ice after 15 min and optical densities (ODs) of the reaction mix were recorded at 375 nm. As the reaction was performed with intact cells, the OD at 375 nm re:ected not only the product of the CDO reaction, but also the scattering from cells in the reaction mix. Therefore, the density of the cell suspension without including the substrate in the reaction buffer was also measured at 375 nm and subtracted from OD 375 before normalizing for enzyme activity. Thus, the actual enzyme activity was expressed per unit OD as per the following equation:
A 375 (cell density) .
Finally, the activities of the mutant promoters were expressed as a percentage of the activity of the wild type promoter, taken as 100%. The results are listed in Table 1 .
A different method of eliminating the effect of cell scattering from the reaction was to spin down the cells before measuring the OD of the reaction mix at 375 nm. However, not only did this lead to an additional step in the protocol but it was also observed that a substantial amount of product partitioned with the cells. This led to a decrease in the color of the supernatant. Such a phenomenon might not make a difference in cases of mutants with highly active promoters; but in cases of poor promoters, almost all the color that was seen in the reaction, partitioned with the cells upon centrifugation, leaving a near-colorless supernatant and leading to an erroneous assessment of the promoter activities (data not shown).
The reliability of our method can be judged by noting the CDO activities of various mutants. A mutation in the !10 region of the promoter (mutant 4) resulted in an inactive promoter. This is consistent with earlier reports 9 which state that mycobacterial promoters have a conserved Pribnow box-like hexameric sequence that is crucial for promoter activity. Mutant 3, with a G to C change in the !35 region still retains most of its activity, and a complete deletion of the !35 sequence (mutant no 5) hampers only half its activity. These observations are in accordance with the earlier 9ndings.
2,9 Interestingly, mutant 9, which carried a single mutation at the !50 position (G to A) also resulted in an inactive promoter. The remaining promoters have a range of activities depending on the location of the mutation within their promoter sequences. It is also important to note that the vector control, bearing a promoterless reporter gene gives only a background activity. Finally, the consistency of the method is evident from the values of standard deviation, which are well within the limits of error.
In conclusion, we have extensively modi9ed the existing protocol for quantitative CDO assays to make this method facile, rapid and amenable for high throughput analyses of promoters. We have grown mycobacteria by patching the cells on agar plates, which allows for larger cell mass as well as easy detection of contamination, if any. Also, each plate can accommodate 24 or more samples, when compared to growth in liquid cultures, where space constraints reduce the number of samples that can be assayed simultaneously. Notably, the assay makes use of intact cells, which retain CDO in the reducing con9nes of the cellular milieu preventing its exposure to atmospheric oxygen. As oxidation of the iron at the active site of the enzyme leads to its irreversible inactivation, 4 use of intact cells as opposed to the cell free extracts greatly increases the reproducibility of the assays. The modi9ca-tion of the assay described here may prove to be instrumental in the widespread use of xyl E as a reporter in promoter assays.
